The monorail technique allows monitoring of all steps of the coronary angioplasty procedure by high quality coronary angiography; easy, rapid, and safe recrossing and redilatation of the lesion if necessary; and stepwise dilatation of a stenosis with sequential increase of size of balloons. Transstenotic pressure differences cannot, however, be measured through the narrow shaft of the standard monorail balloon catheter.
8%. Single vessel coronary angioplasty was attempted in 78%, multilesion coronary angioplasty in 11%, and multivessel coronary angioplasty in 11%. Angiographic success (reduction of stenosis to less than 50% of the luminal diameter) of all attempted lesions was achieved in 93%. The technique was clinically successful-that is, angiographic success of all attempted lesions, no occurrence of a major complication (death, myocardial infarction, acute bypass surgery), and improvement of symptoms-in 92% and partially successful in 1-3%. The clinical success rates were similar for stable angina (91%) and unstable angina (94%), but were somewhat lower for acute myocardial infarction (88%). Failure without major complication occurred in 3-4% of the patients. Failure with a major complication occurred in 3-3% (death 0-3%, myocardial infarction 2-4%, and acute bypass surgery 2-3%). The total major complication rate was higher in unstable angina (4-2%) than in stable angina (3-0%).
These results indicate that the monorail technique can be applied safely and effectively for coronary angioplasty of patients with stable angina, unstable angina, and acute myocardial infarction.
Significant advances have been made in the technology of guiding catheters, dilatation catheters, and guide wires since the first introduction of percutaneous transluminal coronary angioplasty in 1977 by Andreas Gruentzig.' Simpson et al further developed the balloon dilatation equipment by introducing a steerable coaxial guide wire.2 Subsequent improvements were the miniaturisation of the balloon catheters (low profile balloons) to facilitate the crossing of very severe and distal stenoses. A more recent improvement is the combination of the long (exchange) guide wire technique34 and a newly developed balloon catheter to form one new dilatation system: the monorail system, for which a change in dilatation technique is needed. 5 This monorail technique allows all steps of the coronary angioplasty procedure to be monitored on high quality angiograms: easy, rapid, and safe recrossing and redilatation of the stenosis if necessary; stepwise dilatation of a stenosis with sequential use of bigger balloons.
We describe our experience and the short term results of coronary angioplasty with the monorail technique in the first 1000 patients.
Patients and methods

PATIENTS
From June 1986 to December 1988 1472 patients underwent coronary angioplasty at the Thoraxcenter in Rotterdam. We excluded (a) patients in whom a stent was implanted (n = 13), (b) patients who were selected for the assessment of a newly developed catheter balloon system (n = 46); and (c) patients with bifurcation lesions in whom the (partial) kissing balloon technique was used (n = 15). Figure I The monorail balloon catheter consists of a lumen running the length of the catheter to inflate and deflate the balloon, and a second lumen (1) limited to the distal end of the catheter that acts as a "monorail" and is occupied by the guide wire.
attempting to perform a coronary angioplasty (failure without complications) or (b) the coronary angioplasty procedure resulted in death, myocardial infarction, or emergency coronary artery bypass surgery. A periinterventional (complication of angioplasty) myocardial infarction was defined as the development of an abnormal Q wave (> 0-03 mm) or a typical increase in cardiac enzymes. A perioperative (complication of a bypass operation) myocardial infarction was defined as the development of an abnormal Q wave ( > 0 03 mm). All procedures were carried out with a surgical team on standby. After the procedure the sheaths were left in place for 6-8 hours and all patients were monitored for 24 hours in an intermediate coronary care unit. All patients were treated with oral nifedipine 60 mg daily for 24-36 hours after coronary angioplasty and were discharged after 1 to 2 days. The patients were treated with aspirin 500 mg daily for 6 months. MONORAIL 
TECHNIQUE
The monorail balloon catheter (BonzelSchneider-Medintag) has a single lumen for balloon inflation and a second lumen limited to the first few centimetres of the distal end of the catheter. This second lumen is occupied by the guide wire that acts as a sliding rail (monorail) for the balloon catheter (fig 1) . Table 2 shows the technical details for different types of monorail balloon catheters. In the monorail technique the guide wire alone (SchneiderMedintag 175 cm, 0-0012-0-0014 inch; ACS 175 cm, 0-0014 inch) is initially positioned across the lesion. The small diameter guide wire does not obstruct injection of contrast; thus it allows good delineation of the coronary anatomy and facilitates positioning of the wire across the lesion (fig 2a and b) .
The distal lumen of the balloon catheter is then threaded over the positioned guide wire (the proximal part guide wire is outside the guiding catheter) and the catheter is advanced through the guiding catheter, into the coronary artery tree, and eventually across the lesion ( fig  1) . Because the position of the guide wire outside the patient is fixed most of the position- ing and withdrawing of the balloon is performed without the need for fluoroscopic control and to and fro motion of the wire in the distal coronary vessel is prevented. The reduced shaft diameter of the balloon catheter means that the injection of contrast when the balloon is in the guiding catheter is not obstructed and this improves the delineation of the coronary anatomy (fig 2c and 3) .
After the final dilatation of the lesion the balloon catheter is completely withdrawn outside the guiding catheter while the guide wire remains in the distal vessel. The result of dilatation can again be evaluated under high quality angiographic control and, when necessary, the lesion can be easily recrossed and redilated (fig 2d) . OTHER (9) 100 ( 14 None the less, haemodynamic evaluation of the lesion by such methods may help to predict restenosis"5 and provide immediate additional information to support the angiographic result. Reduction in the diameter of the catheter allows high quality visualisation but precludes measurement of the transstenotic pressure gradient whereas an increase in diameter allows measurement of a pressure gradient but precludes high quality angiography. We believe that high quality visualisation is more helpful than measurement of a transstenotic pressure drop in the assessment of the result immediately after dilatation. The Monorail-Bonzel Snake balloon catheter, however, is designed to measure the drop in pressure gradient (table 2) .
The poor pushability and occasional kinking of the guide wire during retraction of the balloon with the first generation monorail catheters caused some concern. Both problems have been substantially improved by lengthening of the second distal lumen, which accommodates the guide wire, from 5 cm to 9-17 cm (Monorail Snake, 9 cm; Picolino, 17 cm).
The risk of thromboembolic complications
(1-4%) was higher because the guide wire remains in the coronary artery for longer. Full anticoagulation must be maintained (a second or third bolus infusion of heparin may be needed during lengthy procedures) with on line monitoring of anticoagulation.
CONCLUSION
With the monorail technique it is easier to obtain good angiograms to monitor all important steps of the coronary angioplasty procedure and safe, easy, and rapid recrossing is facilitated. The monorail technique was successful in 90% of 1000 patients and the rate of major complications (death, myocardial infarction, acute bypass surgery) was <4%.
The transstenotic pressure difference cannot be measured through standard monorail balloon catheters. In future, however, smaller guide wires will be developed to allow measurement of pressure through the monorail catheter.
